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(54) Discharge lamp for automobile headlight and the automobile headlight 

(57) A discharge lamp for an automobile headlight 
has a light color that lies in a region common to the fol- 
lowing three regions: a region bounded by an ellipse 
with a color point (u, v) = (0.224, 0.331) as a center 
thereof, a major axis of 0.080, a minor axis of 0.024, and 
an angle from a u axis of 35 degrees in the CIE 1960 
UCS diagram; a region bounded by an ellipse with a 
color point (u, v) = (0.220, 0.332) as a center thereof, a 
major axis of 0.060, a minor axis of 0.022, and an angle 
from a u axis of 15 degrees in the CIE 1960 UCS dia- 
gram; and a region bounded by an ellipse with a color 
point (u, v) = (0.235, 0.335) as a center thereof, a major 
axis of 0.060, a minor axis of 0.030, and an angle from " 
a u axis of 30 degrees in the CIE 1960 UCS diagram. 
The light color lies in a range on a side of color temper- 
ature lower than an isotemperature line of a correlated 
color temperature of 3800K and higher than an isotem- 
perature line of a correlated color temperature of 3400K 

in the CIE 1960 UCS diagram. FIG. •[ 
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Description 

[0001] The present invention relates to a discliarge lamp for an automobile headlight and to the automobile headlight. 
[0002] Conventionally, a halogen lamp generally has been used in an automobile headlight. Recently, a headlight 

5 employing a high pressure discharge lamp (referred to as a HID headlight) has been increasingly widespread as a 
headlight that can achieve energy saving and improved brightness. The HID headlight can illuminate forward more 
brightly with a small amount of power than a headlight employing a halogen lamp. On the other hand, the brightness of 
the HID headlight dazzles and causes uncomfortable glare to the drivers in the automobiles running in the opposite 
direction. This may lead to a car accident. Therefore, a headlight that illuminates forward brightly and hardly causes 

10 undesired glare is desired. 

[0003] The uncomfortable glare can be alleviated by reducing the intensity of light of the headlight toward the oppos- 
ing automobile, or lowering the correlated color temperature of the light source. The former approach is not desirable 
because the illumination in the fonward direction is reduced. One example of the latter approach may be to use a high 
pressure discharge lamp with a low correlated color temperature such as a high pressure sodium lamp. However, the 

15 high pressure sodium lamp emits yellowish light and has a low color rendering property thereby interfering with the rec- 
ognition of the safety color of road marking or traffic signs, although a risk of car accidents may be smaller. 
[0004] For a conventional metal hallde lamp for an automobile headlight, a luminous tube lamp having an outer tube 
including a multi-layered interference film formed on the surface thereof has a color temperature of more than 4000K 
has been proposed to obtain, for example, a low color temperature of 2000 to 4000K that is close to the color of an 

20 incandescent lamp (Japanese Laid-Open Patent Publication No. 5-325895). Furthermore, for a conventional metal hal- 
lde lamp, a luminous tube lamp having a correlated color temperature of 2800 to 3700K that has a color close to the 
color of blackbody radiation has been proposed (Japanese Laid-Open Patent Publication No. 7-130331). 
[0005] However, the above-described discharge lamps have a problem in that they fail to provide a color discrimina- 
tion (identification) property as good as or similar to that of a fluorescent lamp used for intramural illumination. 

25 [0006] Furthermore, for a conventional metal halide lamp, a luminous tube enclosing a metal halide and argon gas 
therein has been proposed (Japanese Laid-Open Patent Publication Nos. 7-320688, 7-130331, 62-131459, 61-64060, 
and 5-205697). 

[0007] However, these conventional metal halide lamp have poor luminous flux rising characteristics, so that they fail 
to illuminate fonward immediately after they are switched on. Therefore, they are not suitable for a discharge lamp for 
30 an automobile. 

[0008] Therefore, with the foregoing in mind, it is an object of the present Invention to provide a discharge lamp for 
headlights that hardly creates uncomfortable glare and provides easier discrimination of various colors including the 
safety color, and a headlight employing such a discharge lamp. 

[0009] In order to achieve the object, a first discharge lamp of the present invention includes a luminous tube in which 
35 xenon gas is sealed, and has a light color that lies in a chromatic region common to the following regions: a region 
bounded by an ellipse with a color point (u, v) = (0.224, 0.331 ) as the center thereof, a major axis of 0.080, a minor axis 
of 0.024, and an angle from the u axis of 35 degrees in the CIE 1960 DCS diagram; a region bounded by an ellipse with 
a color point (u, v) = (0.220, 0.332) as the center thereof, a major axis of 0.060, a minor axis of 0.022, and an angle from 
the u axis of 15 degrees in the CIE 1960 DCS diagram; and a region bounded by an ellipse with a color point (u, v) = 
40 (0.235, 0.335) as the center thereof, a major axis of 0.060, a minor axis of 0.030, and an angle from the u axis of 30 
degrees in the CIE 1960 DCS diagram. Herein, the CIE 1960 UCS diagram is a chromaticity diagram standardized in 
1 960 by the CIE (Commission Internationale de I'Eclarage in French), as defined in Japanese Industrial Standards (JIS) 
Z8105. The CIE 1960 UCS diagram is designed to allow measurement of color differences, and calibrated such that 
with respect to all points in the diagram, a difference in colors perceived by observers when viewing the colors having 
45 the same brightness is in proportion to a geometric distance in the diagram. 

[0010] This embodiment provides a discharge lamp having a low color temperature that permits excellent color dis- 
crimination (identification) so that it is substantially comparable to a fluorescent lamp, which is used indoors and pro- 
vides easy color recognition. 

[001 1] Next, a second discharge lamp of the present invention includes a luminous tube in which xenon gas is sealed, 
50 and has a light color that lies in a chromatic region common to the following regions: a region bounded by an ellipse 
with a color point (u, v) = (0.221 , 0.329) as a center thereof, a major axis of 0.047, a minor axis of 0.01 4, and an angle 
from a u axis of 35 degrees in the CIE 1960 UCS diagram; a region bounded by an ellipse with a color point (u, v) = 
(0.224, 0.334) as a center thereof, a major axis of 0.040, a minor axis of 0.01 5, and an angle from a u axis of 1 5 degrees 
in the CIE 1 960 UCS diagram; and a region bounded by an ellipse with a color point (u, v) = (0.236, 0.339) as a center 
55 thereof, a major axis of 0.037, a minor axis of 0.013, and an angle from a u axis of 30 degrees in the CIE 1960 UCS 
diagram. 

[0012] This embodiment provides a discharge lamp having a low color temperature range that permits excellent color 
discrimination (identification) so that it is substantially comparable to a fluorescent lamp, which is used indoors and pro- 



2 



EP 0 982 760 A1 



vides easy color recognition. 

[0013] In the first and the second discharge lamps of the present invention, the light color preferably lies in a range 
bounded by lines connecting four color points (u, v) of (0.221 , 0.345), (0.252, 0.345), (0.248, 0.338), and (0.231 , 0.330) 
in the CIE 1 960 UCS diagram. This embodiment provides a discharge lamp whose light permits a white object such as 
5 white lines on roads to be perceived as "white" when it is illuminated, i.e., a discharge lamp having an excellent property 
to provide perception of white color. 

[0014] In the first and the second discharge lamps of the present invention, the light color of the discharge lamp pref- 
erably lies in a range bounded by lines connecting three color points (u, v) of (0.224, 0.341 ), (0.244, 0.341 ), and (0.229, 
0.333) in the CIE 1960 UCS diagram. This embodiment provides a discharge lamp whose light permits a white object 
10 such as white lines on roads to be perceived as particularly "white" when it is illuminated, i.e., a discharge lamp having 
a particularly excellent property to provide perception of white color. 

[0015] In the first and the second discharge lamps of the present invention, the color point of the light color preferably 
lies in a range on the side of color temperature lower than the isotemperature line of a correlated color temperature of 
3800K in the CIE 1960 UCS diagram. This embodiment provides another advantage in that the illumination by the dis- 

15 charge lamp is less likely to be dazzling, in addition to the above-described advantages. 

[0016] In another embodiment of the present invention, the color point of the light color lies in a range on the side of 
color temperature higher than the isotemperature line of a correlated color temperature of 3400K in the CIE 1960 UCS 
diagram. This embodiment provides further advantages in that the illumination by the discharge lamp is less likely to be 
dazzling, and that the color can be discriminated against the light color of a headlight employing a current halogen lamp, 

20 in addition to the above-described advantages. 

[0017] In another embodiment of the present invention, any one of the discharge lamps as described above is used 
for an automobile headlight. Thus, the automobile headlight can be provided with the advantages described above. 
[0018] In still another embodiment of the present invention, in any one of the discharge lamps as described above, 
preferably a metal halide is sealed in the luminous tube. 

25 [0019] The discharge lamp of the present invention preferably comprises at least a pair of electrodes. The distance d 
between the ends of the electrodes is preferably 8mm or less, the inner diameter D of the luminous tube at the midpoint 
between the electrodes is preferably 5mm or less, the power W supplied for illumination is preferably 70W or less, and 
the lamp efficiency during illumination is preferably 501 m/W or more. 

[0020] In another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide of 
30 sodium, and an amount of the halide of sodium sealed is preferably 50wt% or more with respect to the total amount of 
the metal halide sealed. 

[0021 ] In still another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium and a halide of scandium, and does not comprise a halide of thorium nor a halide of thallium, and the follow- 
ing relationship is preferably satisfied: 

35 

90<WNa + Ws^ and 

0.75^WNa/(Wsc + WNa)<1, 

40 where W|Nja and Wgc represent the percentages by weight of the halide of sodium sealed and the halide of scan- 

dium sealed, respectively, with respect to the total amount of the metal halide sealed. 

[0022] In yet another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium and a halide of thorium, and does not comprise a halide of thallium, and the following relationship is prefer- 
ably satisfied: 

45 

90< W^a + Wsc + WTh, and 

0.75 ^ W^a / (Wse + W^J - W^h / (Wsc + + ^ ju) < 1^ 

50 where W^a. ^sc and \Nj^ represent the percentages by weight of the halide of sodium sealed, the halide of 

scandium sealed, and the halide of thorium sealed, respectively, with respect to the total amount of the metal halide 
sealed. 

[0023] In another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide of 
sodium, a halide of scandium and a halide of thallium, and does not comprise a halide of thorium, and the following rela- 
55 tionship is preferably satisfied: 

90<W^,^ + Ws,+Wt,, 
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075 ^ WNa/(Wsc + WNa)< 1,and 
Wt,/(W3, + Wn, + Wt,)^0.03, 

5 where W|sja, Wgc and Wji represent the percentages by weight of the halide of sodium sealed, the halide of scan- 

dium sealed, and the halide of thallium sealed, respectively, with respect to the total amount of the metal halide sealed. 
[0024] In still another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium, a halide of scandium, a halide of thorium, and a halide of thallium, and the following relationship is preferably 
satisfied: 

10 

90< W^^^Wsc^WTh^WT,, 

0.75 ^ W^a/ (Ws^ + W^a) " W^h / (Wg^ + W^a + W^h) < 1 , and 

15 -0.05 ^ W^h / (Ws, + W^a + W^h) - 2 X Wt, / (Ws^ + W^a + + Wt,), 

where W^a, Wgc, Wjh and Wji represent the percentages by weight of the halide of sodium sealed, the halide 
of scandium sealed, the halide of thorium sealed and the halide of thallium sealed, respectively, with respect to the total 
amount of the metal halide sealed. 
20 [0025] In yet another embodiment of the discharge lamp of the present invention, the metal halide preferably com- 
prises 1 0wt% or less of a halide of cesium with respect to the total amount of the metal halide sealed. 
[0026] In another embodiment of the discharge lamp of the present invention, the discharge lamp preferably com- 
prises an outer tube having a linear transmittance for light at 350nm of 30% or less and a linear transmittance for light 
at 450nm of 70% or more. 

25 [0027] In still another embodiment of the discharge lamp of the present invention, the outer tube preferably seals at 
least one end of the luminous tube. 

[0028] In yet another embodiment of the discharge lamp of the present invention, an inner diameter of the outer tube 

is preferably 12mm or less. 

[0029] The preferred embodiments of the present invention described above provides a discharge lamp that permits 
30 excellent color discrimination, is hardly dazzling, allows an illuminated white object to be perceived as being "white", 
and has a light color that is discriminated against the light color of a current halogen lamp. In addition, the discharge 
lamp can emit light with a constant color and luminous flux because the temperature at the coldest point of the luminous 
tube hardly change with illumination conditions. 

[0030] These and other advantages of the present invention will become apparent to those skilled in the art upon 
35 reading and understanding the following detailed description with reference to the accompanying figures. 

FIG. 1 is a diagram collectively showing a chromatic range of light colors that provide the effects of the present 
invention, i.e., excellent color discrimination, low levels of uncomfortable glare, high perception of white color, and 
high discrimination against the light color of a halogen lamp, according to the CIE 1960 DCS diagram. 
40 FIG. 2 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of red color 

according to the CIE 1960 UCS diagram. 

FIG. 3 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of green color 
according to the CIE 1960 UCS diagram. 

FIG. 4 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of blue color 
45 according to the CIE 1960 UCS diagram. 

FIG. 5 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of colors in 
all the categories according to the CIE 1960 UCS diagram. 

FIG. 6 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recognition 

of red color according to the CIE 1960 UCS diagram. 
50 FIG. 7 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recognition 

of green color according to the CIE 1960 UCS diagram. 

FIG. 8 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recognition 
of blue color according to the CIE 1960 UCS diagram. 

FIG. 9 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recognition 
55 of colors in all the categories according to the CIE 1 960 UCS diagram. 

FIG. 1 0 is a diagram showing a chromatic range of colors of light sources that provide high perception of white color 
according to the CIE 1960 UCS diagram. 

FIG. 1 1 is a diagram showing a chromatic range of colors of light sources that provide particularly high perception 
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of white color according to tine CiE 1960 UCS diagram 

FIG. 12 is a graph showing the relationship between the correlated color temperature and the brightness of daz- 
zling light sources. 

FIG. 13 is a graph showing the relationship between the correlated color temperature and the perception of the dif- 
5 ference in the color of light between the present invention and a halogen lamp. 

FIG. 1 4 is a front view partially showing a discharge lamp for a headlight of an embodiment of the present invention. 

[0031] Hereinafter, experiments for obtaining chromatic ranges for light colors in which light from a light source allows 
appropriate perception of a colored object will be described. 

10 [0032] First, experiments were conducted to study color discrimination (identification) for the colors used for traffic 
signs under various lamps having different colors of light emitted from the light sources. In the experiments, it is deter- 
mined how easily observers can discern colors typically used for road sings and marking, i.e., red, blue and green. The 
observers judge a difference in colors of color charts for a target color by varying the color difference of the color. 
[0033] FIG. 2 shows the experimental results with respect to ease of discernment of red color. It was found that when 

15 the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.224, 0.331 ) as its 
center, a major axis of 0.080, a minor axis of 0.024, and an angle from the u axis of 35 degrees in the CIE 1960 UCS 
diagram, 75% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 1 976 
L*a*b* color space. 

[0034] FIG. 3 shows the experimental results with respect to ease of discernment of green color It was found that 
20 when the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.220, 0.332) 
as its center, a major axis of 0.060, a minor axis of 0.022, and an angle from the u axis of 15 degrees in the CIE 1960 
UCS diagram, 75% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 

1 976 L*a*b* color space. 

[0035] FIG. 4 shows the experimental results with respect to ease of discernment of blue color. It was found that when 
25 the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.235, 0.335) as its 
center, a major axis of 0.060, a minor axis of 0.030, and an angle from the u axis of 30 degrees in the CIE 1960 UCS 
diagram, 75% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 1 976 
L*a*b* color space. 

[0036] In other words, it can be concluded that a light source emitting light whose color lies within a range common 
30 to all the ranges bounded by the three ellipses with respect to ease of discernment of red, blue and green colors 

obtained by the experiments provides excellent color discrimination for colors in substantially all the categories. The 

range common to all the ranges bounded by the three ellipses is shown as a hatched region in FIG. 5. 

[0037] FIG. 6 shows the experimental results with respect to ease of discernment of red color. It was found that when 

the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.221 , 0.329) as its 
35 center, a major axis of 0.047, a minor axis of 0.014, and an angle from the u axis of 35 degrees in the CIE 1960 UCS 

diagram, 85% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 1 976 

L*a*b* color space. 

[0038] FIG. 7 shows the experimental results with respect to ease of discernment of green color. It was found that 
when the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.224, 0.334) 
40 as its center, a major axis of 0.040, a minor axis of 0.015, and an angle from the u axis of 15 degrees in the CIE 1960 
UCS diagram, 85% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 
1 976 L*a*b* color space. 

[0039] FIG. 8 shows the experimental results with respect to ease of discernment of blue color. It was found that when 
the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.236, 0.339) as its 
45 center, a major axis of 0.037, a minor axis of 0.013, and an angle from the u axis of 30 degrees in the CIE 1960 UCS 
diagram, 85% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 1 976 
L*a*b* color space. 

[0040] In other words, it can be concluded that a light source emitting light whose color lies within a range common 

to all the ranges bounded by the three ellipses with respect to ease of discernment of red, blue and green colors 
50 obtained by the experiments provides excellent color discrimination for colors in substantially all the categories. The 
range common to all the ranges bounded by the three ellipses is shown as a hatched region in FIG. 9. 
[0041] Next, experiments are conducted with respect to perception of white color when observing an object of an ach- 
romatic color illuminated by various lamps having different light source colors that have a correlated color temperature 
of 4000K or less. 

55 [0042] In the experiments, observers view an achromatic color chart having a Munsel value of 9 under lamps having 
light sources radiating different light colors, and judge how much chromatic color and how much white color they per- 
ceive the color of the color chart to contain, and answer their perception by giving points out of 1 00 points in proportion 
to the ratio of the chromatic color and white color. A hatched region in the CIE 1960 UCS diagram in FIG. 10 is shown 
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as a range that can provide high perception of white color. For colors in the hatched region, the observers gave 90 
points or more to white color. The region is bounded by lines connecting four color points (u, v) = (0.221 , 0.345), (0.252, 
0.345), (0.248, 0.338), and (0.231, 0.330) in the CIE 1960 UCS diagram. Thus, light sources whose light colors lie in 
this region permit a white object to be recognized as being white. 

5 [0043] A region for light colors that provided perception of white color to a greater extent is shown as a hatched area 
in FIG. 1 1 . The region shown in FIG. 1 1 , which is bounded by lines connecting thee color points (u, v) = (0.224, 0.341 ), 
(0.244, 0.341), and (0.229, 0.333) in the CIE 1960 UCS diagram, encompasses light colors that the observers gave 95 
points or more for white color. Thus, light sources whose light colors lie in this region permit a white object to be recog- 
nized as being white more distinctly. 

10 [0044] Another problem is glare of a light source. Glaring light not only causes discomfort to the eyes, but also inter- 
feres with accurate perception of the surroundings. The relationship between light colors of light sources and uncom- 
fortable glare has been reported by Yano et al. in "Relationship between uncomfortable glare of the elderly and light 
color". Journal of Illumination Society, Vol. 77, No.6, 1993. It describes that the lower the color temperature is, the less 
uncomfortable glare is caused. Herein, an investigation was conducted with respect to glare level from light sources fall- 

15 ing within a color temperature range that can be used for a headlight. 

[0045] Experiments were conducted to study how much glare is caused by a light source by varying the correlated 
color temperature of light color of a light source. In the experiments, the observers identified the same brightness as 
they are dazzled when viewing a light source having 3000 K. 

[0046] Assuming the brightness of the light source with 3000 K as 1 , the observers judged the brightness that dazzles 
20 the observers when viewing light sources having different correlated color temperatures. The results are shown in FIG. 
12. The graph shown in FIG. 12 indicates that as the correlated color temperature (K) became higher, the brightness 
that dazzles the observers became lower. 

[0047] As a result of further analysis, it was found that there is a significant difference in a significant level of 5% 
between the brightness that dazzled the observers when viewing a light source with a correlated temperature of 3800 
25 K or less and the brightness that dazzled the observers when viewing a light source with a correlated temperature of 
4000 K. More specifically, it was found that the uncomfortable glare caused by the light source with a correlated tem- 
perature of 3800 K or less is significantly reduced, compared with that caused by the light source with a correlated tem- 
perature of 4000 K. 

[0048] Next, the observers evaluated the difference in light color between a halogen lamp with a color temperature of 
30 3100 K and a light source with a different color temperature when the lamp and the light source were illuminated at 
1 0000 cd/m^ simultaneously. 

[0049] The light color difference was evaluated by a method in which the observers select one category out of 5 cat- 
egories: "no difference", "slight difference", "some difference", "considerable difference", and "large difference". The 
results are shown in FIG. 13. These results confirmed that the difference in light color between the light of a lamp with 
35 a color temperature of 3400 K or more and the light of the halogen lamp can be recognized easily. Thus, it was con- 
firmed that the light color of a headlight with a correlated color temperature of 3400K or more can be discriminated 
against that of a headlight employing a current halogen lamp. 

[0050] The chromatic ranges having the effects of the present invention are collectively shown in the CIE 1 960 UCS 
diagram in FIG. 1. In FIG. 1, chromatic ranges 1 encompass colors that provide excellent color discrimination. A chro- 
40 matic range 2 encompasses colors that provide excellent perception of white color. A line 3 is an isotemperature line of 
a correlated color temperature of 3800 K, which is a boundary below which the illumination is hardly dazzling. A line 4 
is an isotemperature line of a correlated color temperature of 3400 K, which is a boundary for easy recognition of the 
difference from the light color of a halogen lamp. 

[0051] The light source with a low color temperature whose color lies in a range common to the range for excellent 
45 color discrimination and the range for excellent perception of white color of the present invention has a low color tem- 
perature and provides excellent color discrimination and perception of white color. When the color point of the above- 
described light source lies in a range on the side of color temperatures lower than the isotemperature line of a corre- 
lated color temperature of 3800K, the light is hardly dazzling, in addition to providing excellent color discrimination and 
perception of white color. Furthermore, when the color point of the above-described light source lies in a range on the 
50 side of color temperatures higher than the isotemperature line of a correlated color temperature of 3400K, the light is 
hardly dazzling, and the light color can be discriminated against that of a headlight employing a halogen lamp, in addi- 
tion to providing excellent color discrimination and perception of white color. 

[0052] Furthermore, a xenon gas is sealed in a luminous tube so as to improve the luminous flux rising characteristics. 
It is believed that this is because xenon is vapor at room temperature and emits visible light during discharge. 
55 [0053] A preferable pressure of the xenon gas sealed is 5 atm or more and 20 atm or less. This allows the luminous 
flux rising characteristics to improve further and prevents a rupture of the luminous tube. 

[0054] The hatched region in FIG. 1 is a range of light colors of light sources with low color temperature from 3400K 
to 3800K that provide excellent color discrimination and perception of white color. 
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[0055] The light source having the above-described effects is achieved by using a discharge iamp for a headiight com- 
prising a luminous tube filled with a metal halide and a rare gas. 

[0056] The discharge lamp includes a luminous tube provided with at least a pair of electrodes and filled with a metal 
halogen and a rare gas. The distance d between the ends of the electrodes is 8mm or less. The inner diameter D of the 

5 luminous tube at the midpoint between the electrodes is 5 mm or less. The power applied for illumination is 70 W or 
less. The lamp efficiency during illumination is 501 mA/V or more. This structure of the discharge lamp can achieve a 
discharge lamp for headlights having the advantages of the present invention by suitably selecting the compositions 
and the amounts of the metal halide and the rare gas sealed, the distance d between the ends of the electrodes, and 
the inner diameter D of the luminous tube at the midpoint between the electrodes. 

10 [0057] As for the metal halide, the discharge lamp for headlights having the advantages of the present invention can 
be achieved by containing at least 50 wt% of a halide of sodium on the basis of the total amount of the metal halide 
contained. This is because the halide of sodium provides the emission of red color with high efficiency. When the 
amount of the halide of sodium is lower than 50 wt%, the advantages of the present invention and the lamp efficiency 
of 501 m/W or more are not achieved at the same time. 

15 [0058] Hereinafter, the light sources of the present invention will be described by way of examples with reference to 
the accompanying drawings. FIG. 14 shows a discharge lamp of an embodiment of the present invention. A luminous 
tube 5 includes a luminescent part 5a, flat sealing parts 5b and 5c provided at the opposite ends of the luminescent part 
5a, and a cylindrical part 5d connected to an end of the sealing part 5c. The end of the luminous tube 5 on the side of 
the cylindrical part 5d is inserted into the central part of a container 7 formed of a resin such as polyetherimide resin 

20 and retained in the container 7 with a retainer 8 formed of a conductor and an outer tube 6. The luminescent part 5a 
includes a pair of electrodes 9a and 9b, and mercury, a metal halide and xenon as a starting gas are sealed therein. 
Metal foils 1 0a and 1 0b are buried in the sealing parts 5b and 5c, respectively. An end of the electrode 9a is connected 
to one end of the metal foil 10a and the other end thereof is located in the luminescent part 5a. An end of an external 
lead 11a is connected to the other end of the metal foil 10a. The external lead 1 la extends from the sealing part 5c 

25 through the cylindrical part 5d and is connected to a lamp base 12a. The metal foil 10b, the electrode 9b, and an exter- 
nal lead 1 1 b are connected in the same manner, and the other end of the external lead 1 1 b is connected to one end of 
a power supply line 13. The other end of the power supply line 13 is connected to a lamp base 12b. The outer tube 6 is 
fused to the ends of the luminous tube 5. 

[0059] The discharge lamp shown in FIG. 14 has an inner volume of 0.025cc and an arc length of 4.2mm, and 50mg 
30 of mercury, lOatm of xenon gas and a metal halide are sealed in the luminous tube 5. As the metal halide, 0.2mg of a 
mixture of scandium iodide and sodium iodide is contained in the luminous tube 5. The discharge lamps produced at 
various mixture ratios for the metal halide are allowed to illuminate at 35W and 50W. Table 1 shows the color points (u,v) 
at illumination at 35W and SOW, the lamp efficiency at 35 W illumination, and the luminous flux maintaining ratio after 
1000 hour illumination at 35W. In Tables 1 to 5, W^a, Wgc, Wjh, \Nj\ and Wcs represent the percentages by weight of 
35 the halide of sodium sealed, the halide of scandium sealed, the halide of thorium sealed, the halide of thallium sealed, 
and the halide of cesium, respectively, with respect to the total amount of the metal halide sealed. 



Table 1 







WNa 


Wsc 


u,v (35 W) 


u,v (50W) 


Lamp effi- 
ciency 


Luminous 
flux maintain- 
ing ratio 


Value for for- 
mula 1* 


Ex. 1 


lamp A 


75 


25 


0.226, 0.336 


0.231, 0.337 


90 


74 


0.75 


Ex. 2 


lamp B 


80 


20 


0.203, 0.338 


0.235, 0.338 


88 


80 


0.80 


Ex.3 


lamp C 


85 


15 


0.231, 0.338 


0.239, 0.339 


87 


82 


0.85 


Ex. 4 


lamp D 


90 


10 


0.236, 0.339 


0.244, 0.340 


85 


84 


0.90 


Ex. 5 


lamp E 


95 


5 


0.240, 0.338 


0.247, 0.340 


83 


86 


0.95 


Com. Ex. 1 


lamp F 


70 


30 


0.220, 0.333 


0.226, 0.332 


92 


69 


0.70 


Com. Ex. 2 


lamp G 


100 


0 


0.248, 0.346 


0.253, 0.341 


80 


86 


1.00 



*formula 1 : 0.75 ^ Wiyja / (Wgc + WNa) < 1 



55 

[0060] Table 1 indicates that the discharge lamp for headlights having the advantages of the present invention can be 
achieved with lamp A at 35W and 50W, lamp B at 50 W, lamp C at 35W and 50 W, lamp D at 35W and lamp E at 35W, 
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which contain the metal halide satisfying formuia 1 : 0.75 ^ ^\s]JO^sc ^Na) < ^ ' when the power for iliumination is 
suitably adjusted. It is preferable to seal the metal halide at a mixture ratio satisfying the relationship: 
0.80 ^ ^[^^/(Wg^ + Wp^^) < 1 . It is known that in a discharge lamp for headlights containing a halide of scandium, a 
reaction between scandium and quartz, which is a material component for the luminous tube, causes a reduction in the 
5 linear transmittance of the luminous tube, which is known as opacity. However, opacity can be prevented in the above- 
described range of the mixture ratio for the metal halide, so that a luminous flux maintaining ratio of 70% or more can 
be achieved after 1000 hour illumination at 35W. 

[0061] On the other hand, lamp F of Comparative Example 1 at 35W and SOW illumination is outside of the hatched 
region of FIG. 1 , and has a value of formula 1 outside of the lower limit, and therefore is not preferable. Lamp G of Com- 
10 parative Example 2 at 35W and SOW illumination is outside of the hatched region of FIG. 1 , and has a value of formula 
1 outside of the range of formula 1 , and therefore is not preferable. 

[0062] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a mix- 
ture of scandium iodide, sodium iodide and thorium iodide is contained in the luminous tube 5. The discharge lamps 
produced at various mixture ratios for the metal halide are allowed to illuminate at 35W and SOW. Table 2 shows the 
15 color points (u,v) at illumination at 35W and SOW, the lamp efficiency at 35 W illumination, and the luminous flux main- 
taining ratio after 1000 hour illumination at3SW 



Table 2 







WNa 


Wsc 


WTh 


u,v (35 W) 


u,v (SOW) 


Lamp effi- 
ciency 


Luminous 
flux main- 
taining ratio 


Value for 

formula 
2** 


Ex. 6 


lamp H 


80 


19 


1 


0.226, 0.336 


0.235, 0.339 


86 


81 


0.80 


Ex. 7 


lamp 1 


80 


18 


2 


0.227, 0.334 


0.235, 0.339 


86 


82 


0.80 


Ex. 8 


lamp J 


80 


15 


5 


0.220, 0.330 


0.231, 0.338 


83 


80 


0.79 


Ex.9 


lamp K 


95 


4 


1 


0.240, 0.338 


0.245, 0.340 


81 


88 


0.95 


Ex.10 


lamp L 


9S 


3 


2 


0.238, 0.337 


0.244, 0.339 


80 


86 


0.95 


Ex. 11 


lamp M 


95 


0 


5 


0.236, 0.337 


0.244, 0336 


78 


85 


0.95 


Com. Ex. 3 


lamp N 


80 


10 


10 


0.220, 0.330 


0.238, 0.331 


84 


88 


0.73 



formula 2: 0.75 ^ [WNa/(Wsc + WNa)] " [WW(Wsc + + WTh)]<1 



35 

[0063] Table 2 indicates that the discharge lamp for headlights having the advantages of the present invention can be 
achieved with lamp H at 50W, lamp I at 50W, lamp J at 50W, lamp K at 35W and SOW, lamp L at 3SW 
and SOW, and lamp M at 35 W and SOW, which contain the metal halide satisfying formula 2: 

40 0.75 ^ Wp^^/ (Wg^ + W,sj^) - Wy^ / (Wg^ + Wp^^ + W jh) < 1 , when the power for illumination is suitably adjusted. 
[0064] On the other hand, lamp N of Comparative Example 3 at 35W and SOW illumination is outside of the hatched 
region of FIG. 1 , and has a value of formula 2 outside of the lower limit, and therefore is not preferable. 
[0065] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a mix- 
ture of scandium iodide, sodium iodide and thallium iodide is contained in the luminous tube 5. The discharge lamps 

45 produced at various mixture ratios for the metal halide are allowed to illuminate at 35W and SOW. Table 3 shows the 
color points (u,v) at illumination at 35W and SOW, the lamp efficiency at 35 W illumination, and the luminous flux main- 
taining ratio after 1000 hour illumination at35W. 



50 



55 
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Table 3 







WNa 


Wsc 


Wti 


u,v (35W) 


u,v (SOW) 


Lamp 
efficiency 


Lumi- 
nous flux 
maintain- 
ing ratio 


Value 
for for- 
mula 1* 


Value for 
formula 
3** 


Ex. 12 


lamp O 


80 


18 


2 


0.226, 0.339 


0.232, 0.346 


89 


81 


0.82 


0.02 


Ex. 13 


lamp P 


80 


17 


3 


0.226, 0.341 


0.232, 0.341 


91 


80 


0.82 


0.03 


Ex. 14 


lamp Q 


95 


3 


2 


0.239, 0.342 


0.243, 0.343 


84 


86 


0.97 


0.02 


Ex. 15 


lamp R 


95 


2 


3 


0.238, 0.343 


0.245, 0.340 


85 


88 


0.98 


0.03 


Com. Ex. 4 


lamp S 


70 


28 


2 


0.218, 0.338 


0.225, 0.346 


93 


70 


0.71 


0.02 


Com. Ex. 5 


lamp T 


70 


27 


3 


0.218, 0.340 


0.224, 0,350 


95 


68 


0.72 


0.03 


Com. Ex. 6 


lamp U 


70 


25 


5 


0.217, 0.343 


0.221, 0.360 


95 


70 


0.74 


0.05 


Com. Ex. 7 


lamp V 


80 


15 


5 


0.224, 0.344 


0.230, 0.348 


91 


81 


0.84 


0.05 



* formula 1 : 0.75 ^ \N^J{\Nsc + W^a) < 1 
** formula 3 : Wj,/ (Wsc + + Wj,) ^ 0.03 



[0066] Table 3 indicates that the discharge lamp for headlights having the advantages of the present invention can be 
25 achieved with lamp O at 35W, lamp P at 35W and 50W, lamp Q at 35W and 50W, and lamp R at 35W and 50W, which 
contain the metal halide satisfying formulae 1 and 3: 0.75 ^ Wj^^ / (Wg^. + Wj^^) < 1 (formula 1) and 
Wy|/ (Wg^ + W,^^ + W -pi )^ 0.03 (formula 3), when the power for illumination is suitably adjusted. 
[0067] On the other hand, lamps S and T of Comparative Examples 4 and 5 at 35W and 50W illumination is outside 
of the hatched region of FIG. 1, and has a value of formula 1 outside of the lower limit, and therefore is not preferable. 
30 Lamp U of Comparative Example 6 at 35W and 50W illumination is outside of the hatched region of FIG. 1, and has 
values outside of the ranges of formulae 1 and 2, and therefore is not preferable. Lamp W of Comparative Example 7 
at 35W and 50W illumination is outside of the hatched region of FIG. 1 , and has a value outside of the range of formula 
2, and therefore is not preferable. 

[0068] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a mix- 
35 ture of scandium iodide, sodium iodide, thorium iodide and thallium iodide is contained in the luminous tube 5. The dis- 
charge lamps at various mixture ratios for the metal halide are allowed to illuminate at 35W and 50W. Table 4 shows the 
color points (u,v) at illumination at 35W and 50W, the lamp efficiency at 35 W illumination, and the luminous flux main- 
taining ratio after 1000 hour illumination at35W. 

40 

Table 4 







WNa 


Wsc 


Wjh 


Wti 


u,v (35W) 


u,v (50W) 


E. 


M. 


2** 


4*** 


Ex. 16 


lamp a 


80 


13 


5 


2 


0.224, 0.338 


0.229, 0.337 


88 


81 


0.81 


0.01 


Ex. 17 


lamp b 


80 


10 


5 


5 


0.220, 0.340 


0.227, 0.241 


90 


79 


0.84 


-0.05 


Ex. 18 


lamp c 


85 


5 


5 


5 


0.224, 0.342 


0.231, 0.341 


88 


81 


0.89 


-0.05 


Ex. 19 


lamp d 


85 


0 


5 


10 


0.221, 0.347 


0.226, 0.345 


91 


80 


0.91 


-0.05 


Ex. 20 


lamp e 


85 


0 


10 


2 


0.221, 0.337 


0.230, 0.337 


86 


81 


0.89 


0.06 


Ex. 21 


lamp f 


90 


3 


5 


2 


0.231, 0.338 


0.237, 0.339 


83 


83 


0.92 


0.01 


Ex. 22 


lamp g 


90 


0 


5 


5 


0.229, 0.342 


0.235, 0.341 


85 


81 


0.95 


-0.05 


Com. Ex. 9 


lamp h 


80 


5 


5 


10 


0.217, 0.348 


0.223, 0.350 


90 


78 


0.89 


-0.14 



E.: lamp efficiency 

M.: Luminous flux maintaining ratio 

2**: value for formula 2 : 0.75 ^ W^a/ (Wgc + WNa) " Wjh/ {^sc + Wns + Wjh) < 1 

4***: value for formula 4 : -0.05 ^ \Nj^ (Wgc + WNa + Wjh)- 2 x \Nj\/ (Wgc + Wns + Wjh + W-n) 
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[0069] Table 4 indicates tliat the discliarge iamp for iieadliglits liaving tine advantages of tine present 

invention can be achieved with lamp a at SOW, lamp b at SOW, lamp c at SOW, lamp d at SOW, 
lamp e at SOW, lamp f at 3SW and SOW, and lamp g at 3SW and SOW, which contain the metal 
halide satisfying formulae 2 and 4: 0.75 ^ W^a/CWsc + W^g^)- W-ph/(Wsc + W^a + W-p^) <1 (formula 2) and 
5 - 0.05 ^ Wjh/CWsc + VV^^ + Wjh) - 2 X Wt|/(Ws^ + W^a + + W j,) (formula 4), when the power for illumina- 
tion is suitably adjusted. 

[0070] On the other hand, lamp h of Comparative Example 8 at 3SW and SOW illumination is outside of the hatched 
region of FIG. 1 , and has a value outside of the range of formula 4, and therefore is not preferable. 
[0071] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a mix- 
10 ture of scandium iodide, sodium iodide, thorium iodide, thallium iodide and cesium iodide is contained in the luminous 
tube S. The discharge lamps produced at various mixture ratios are allowed to illuminate at 3SW and SOW. Table S 
shows the color points (u,v) at illumination at 3SW and SOW, the lamp efficiency at 35 W illumination, and the luminous 
flux maintaining ratio after 1000 hour illumination at35W. 

15 

Table 5 







WNa 


Wsc 




Wti 


Wcs 


u,v (35W) 


u,v (SOW) 


E 


M 


2** 




Ex. 23 


lamp i 


85 


13 


1 


1 


0 


0.231, 0.339 


0.237, 0.339 


90 


79 


0.86 


-0.01 


Ex. 24 


lamp j 


85 


5 


1 


1 


5 


0.231, 0.337 


0.229. 0.339 


72 


86 


0.90 


-0.01 


Ex. 25 


lamp k 


80 


13 


s 


2 


0 


0.224, 0.338 


0.228, 0.337 


88 


81 


0.81 


0.01 


Ex. 26 


lamp 1 


80 


8 


s 


2 


S 


0.224, 0.33S 


0.231, 0.337 


68 


86 


0.86 


0.01 


Ex. 27 


lamp m 


80 


3 


5 


2 


10 


0.224, 0.336 


0.230, 0.338 


55 


88 


0.91 


0.01 


Com. Ex. 9 


lamp n 


80 


0 


5 


2 


13 


0.225, 0.334 


0.229, 0.338 


45 


88 


0.94 


0.01 


Com. Ex. 10 


lamp o 


85 


2 


1 


1 


11 


0.233, 0.339 


0.238, 0.340 


49 


88 


0.97 


-0.01 



E: lamp efficiency 

M: Luminous flux maintaining ratio 

2** : value for formula 2 : 0.75 ^ "^nA^Sc + WnJ " Wjh / {^Sc + + Wjh) < 1 

4***: value for formula 4:- 0.05 ^ \Nj^ (Wsc + + Wjn) -2 x Wji/ (Wsc + Wisja + Wjh + Wji) 



[0072] Table 5 indicates that the discharge lamp for headlights having the advantages of the present invention can be 
35 achieved with lamp i at SOW, lamp j at SOW, lamp k at SOW, lamp I at 35W and SOW, and lamp m at 35W and SOW, which 

contain the metal halide satisfying formulae 2 and 4: 0.75 ^ W^^/ (Wgc +^Na) ~ Wjh/ (^sc + ^ + W-p^) < 1 
(formula 2) and -0.05 ^ W-rh/(W sc + W + W-^h) -2 x W-p,/ (W gc + W ^a + W-p^ + W-n) (formula 4), when the 
power for illumination is suitably adjusted. Thus, it was found that a discharge lamp for headlights having an increased 
luminous flux maintaining ratio during lifetime along with the advantages of the present invention can be obtained by 
40 using cesium. However, as the amount of cesium halide increase, the lamp efficiency decreases. Thus, in lamp n and 
lamp o of Comparative Examples 9 and 10, where the amount of cesium halide contained exceeds 10wt%, the lamp 
efficiency is below 501 m/W As a result, it is preferable that the amount of cesium halide contained is 10wt% or less, 
which achieves a lamp efficiency of 501 m/W. 

[0073] When the outer tube of the discharge lamp has a linear transmittance of 30% or less for light at 350nm and a 
45 linear transmittance of 70% or more for light at 450nm, the discharge lamp for headlights having the advantages of the 
present invention is further advantageous in that harmful ultraviolet radiation, which degrades the illumination equip- 
ment, can be reduced. As a material for this outer tube, a quartz glass material is used preferably. The quartz glass has 
high linear transmittance for visible light and excellent heat resistance, so that a discharge lamp for headlights having 
high efficiency and excellent heat resistance results. Furthermore, it is preferable that this quartz glass comprises at 
50 least one element selected from the group consisting of cerium oxide, titanium oxide, iron oxide, praseodymium oxide 
and europium oxide. The quartz glass comprising at least one of these elements has the effect of reducing the linear 
transmittance for ultraviolet rays at a wavelength of 380nm or less while maintaining the linear transmittance for visible 
light at 380 to 780nm. Thus, the use of the quartz glass comprising at least one of these elements as the outer tube 
provides a discharge lamp for headlights with harmful ultraviolet radiation being reduced. 
55 [0074] When the outer tube seals the luminous tube at least at one end thereof, the discharge lamp for headlights can 
provide excellent color discrimination, and is hardly dazzling during illumination. 

[0075] When the inner volume of the outer tube is 12mm or less, the discharge lamp for headlights can radiate light 
with a constant light color and luminous flux due to a reduced variation in the temperature of the coldest point of the 
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luminous tube depending on tlie illumination conditions. In the examples of the present invention, iodides have been 
described as the metal halide. However, other halides such as bromides or combinations thereof can provides the same 
effects. 

[0076] The object of the present invention of providing a discharge lamp for headlights under which the colors of var- 
5 ious illuminated chromatic objects can be perceived properly and whose uncomfortable glare is reduced can be 
achieved by using an outer tube that absorbs visible light selectively so that the light from the light source has desired 
chromaticity. 

[0077] The object of the present invention of providing a discharge lamp for headlights under which the colors of var- 
ious illuminated chromatic objects can be perceived properly and whose uncomfortable glare is reduced also can be 
10 achieved by using headlight equipment including at least one of a transparent plate and a reflecting plate that provides 
the light of the light source with desired chromaticity. 

Claims 

15 1 . A discharge lamp for an automobile headlight comprising a luminous tube in which xenon gas is sealed, whose light 
color lies in at least one chromatic region selected from the group consisting of region (i) and region (ii), 

region (i) : a region common to the following three regions: 

20 a region bounded by an ellipse with a color point (u, v) = (0.224, 0.331) as a center thereof, a major axis 

of 0.080, a minor axis of 0.024, and an angle from a u axis of 35 degrees in the CIE 1 960 DCS diagram; 
a region bounded by an ellipse with a color point (u, v) = (0.220, 0.332) as a center thereof, a major axis 
of 0.060, a minor axis of 0.022, and an angle from a u axis of 15 degrees in the CIE 1960 UCS diagram; 

and 

25 a region bounded by an ellipse with a color point (u, v) = (0.235, 0.335) as a center thereof, a major axis 

of 0.060, a minor axis of 0.030, and an angle from a u axis of 30 degrees in the CIE 1 960 UCS diagram, 
and 

region (ii): a region common to the following three regions: 

30 

a region bounded by an ellipse with a color point (u, v) = (0.221 , 0.329) as a center thereof, a major axis 
of 0.047, a minor axis of 0.014, and an angle from a u axis of 35 degrees in the CIE 1960 UCS diagram; 
a region bounded by an ellipse with a color point (u, v) = (0.224, 0.334) as a center thereof, a major axis 
of 0.040, a minor axis of 0.015, and an angle from a u axis of 15 degrees in the CIE 1960 UCS diagram; 
35 and 

a region bounded by an ellipse with a color point (u, v) = (0.236, 0.339) as a center thereof, a major axis 
of 0.037, a minor axis of 0.013, and an angle from a u axis of 30 degrees in the CIE 1 960 UCS diagram. 

2. The discharge lamp for an automobile headlight according to claim 1, wherein the light color lies in a region 
40 bounded by lines connecting four color points (u, v) of (0.221, 0.345), (0.252, 0.345), (0.248, 0.338), and (0.231, 

0.330) in the CIE 1960 UCS diagram. 

3. The discharge lamp for an automobile headlight according to claim 1, wherein the light color lies in a region 
bounded by lines connecting three color points (u, v) of (0.224, 0.341), (0.244, 0.341), and (0.229, 0.333) in the CIE 

45 1 960 UCS diagram. 

4. The discharge lamp for an automobile headlight according to claim 1, wherein the light color lies in a range on a 
side of color temperature lower than an isotemperature line of a correlated color temperature of 3800K in the CIE 
1 960 UCS diagram. 

50 

5. The discharge lamp for an automobile headlight according to any one of claims 1 to 4, wherein the light color lies 
in a range on a side of color temperature higher than an isotemperature line of a correlated color temperature of 
3400K in the CIE 1960 UCS diagram. 

55 6. A headlight for an automobile comprising the discharge lamp for an automobile headlight according to any one of 
claims 1 to 5. 

7. The discharge lamp for an automobile headlight according to any one of claims 1 to 5, wherein a metal halide is 
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further sealed in the luminous tube. 

8. The discharge lamp for an automobile headlight according to claim 7, comprising at least a pair of electrodes, 
wherein a distance d between ends of the electrodes is 8mm or less, an inner diameter D of the luminous tube at 

5 a midpoint between the electrodes is 5mm or less, a power W supplied for illumination is 70W or less, and a lamp 

efficiency during illumination is 501 m/W or more. 

9. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium, and an amount of the halide of sodium sealed is 50wt% or more with respect to a total amount of 

10 the metal halide sealed. 

10. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium and a halide of scandium, and does not comprise a halide of thorium nor a halide of thallium, and 
the following relationship is satisfied: 

15 

90< W^a + Ws^^ and 

0.75 ^W^a/ (Ws, + WNa)<1, 

20 where W^a and Wg^ represent percentages by weight of the halide of sodium sealed, and the halide of scan- 

dium sealed, respectively, with respect to a total amount of the metal halide sealed. 

11. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium and a halide of thorium, and does not comprise a halide of thallium, and the following relationship 

25 is satisfied: 

90< W^^ + Wg^ + WTh, and 
0.75 ^ WN,/(Wsc+WNj-W-rh/(Wsc + W^, + W-Th) < 1, 

30 

where W^a, Wqc and Wjh represent percentages by weight of the halide of sodium sealed, the halide of 
scandium sealed, and the halide of thorium sealed, respectively, with respect to a total amount of the metal halide 
sealed. 

35 12. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium, a halide of scandium and a halide of thallium, and does not comprise a halide of thorium, and the 
following relationship is satisfied: 

90<W^,, + Ws,+Wti, 

40 

0.75 ^WNa/(Ws^ + WNa)<1, and 

WT,/(Ws, + WNa + WT,)^0.03, 

45 where W|Nja, Wg^ and W-pi represent percentages by weight of the halide of sodium sealed, the halide of 

scandium sealed, and the halide of thallium sealed, respectively, with respect to a total amount of the metal halide 
sealed. 

13. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
50 halide of sodium, a halide of scandium, a halide of thorium, and a halide of thallium, and the following relationship 

is satisfied: 

90<WNa + Ws,+WTh+WT„ 

55 0.75 s [W^a/ (Ws^ + WNj]-[WTh/ (Ws^ + W^a + W-Th)] <1 , and 

-0.05 S [W^h/ (Wg^ ^\N^ + W^h)] - 2 X [Wt|/(Ws, + + W^^ + W^,)], 
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where W|sja, Wg^, Wjh and Wji represent percentages by weight of the halide of sodium seaied, the halide 
of scandium sealed, the halide of thorium sealed and the halide of thallium sealed, respectively, with respect to a 
total amount of the metal halide sealed. 

5 14. The discharge lamp for an automobile headlight according to any one of claims 9 to 13, wherein the metal halide 
comprises 1 0wt% or less of a halide of cesium with respect to a total amount of the metal halide sealed. 

15. The discharge lamp for an automobile headlight according to any one of claims 9 to 13, comprising an outer tube 
having a linear transmittance for light at 350nm of 30% or less and a linear transmittance for light at 450nm of 70% 

10 or more. 

16. The discharge lamp for an automobile headlight according to claim 15, wherein the outer tube seals at least one 
end of the luminous tube. 

15 17. The discharge lamp for an automobile headlight according to claim 15 or 16, wherein an inner diameter of the outer 
tube is 12mm or less. 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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